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SECRETORY POLYPEPTIDES ENCODED BY BALBIANI RING GENES
Steven T. Case
Department of Biochemistry
The University of Mississippi Medical Center
Jackson, MS 39216-4505

Project Summary

The aim of this prcject is to learn about the structure,
developmentally regulated svnthesis and assembly of a family of secretory
proteins (SPs) into an insoluble polymer of silk-like threads. SPs are

exclusively synthesized in salivary glands of aquatic larvae of the Dipteran,
Chironomus. All SPs stucied to date are compossd of tandemly repeated amino
acid sequences. Recombinant cDNA probes are usel tc map SP-coding genes on
polytene chromosomes, identify their mRNAs on Northern blote and derive the
amino acid sequence of their encoded protein. c¢DNA probes and anti-SP
antibodies are used to study the level at which SF gene regulation occurs
-"uring larval development and under conditions of galactose-induced alterations
I gene expression. ST assembly in vitro is being studied by a combinaticn of
pbya‘cal electron microscopic ané biochemical methods. We hope to learn which
5?s interact with each sther and what is the chemical nature of thess
interactions. We eventually plan to determine the spatial distribution of SPs
within assembled complexzes bv making three-dimensional tomographic
reconstructions from mmunoelectron micrographs. This experimental system
mrovides a unigue eovportunity to study how naturally cccurring scluble proteins
can assemble into an insoluble fiber that functicns in an agueous environment.

ezulte from the 2rior Year

c¢DNA clones for additional SPs. Manuscripts describing the
ﬁentiﬁcation, martial structure and expression of genes for spi40 (Dignam =t
989) and spi8% {Dignam and Case. i%90) are attached. During ths past
c—ar ancther partal cDNA clone (F4a) has he=en seguenced. Wiile the 1-kb
reguence lacks landmairks of other SP-coding chiiTAs {tandemly repeated
-5'} ences, conserved Cvs residues, + Frc¢ - mactifs), it hybridizes t¢ a 4.&-kb
olviA)+ RNA that in sa;;varv qlaads app=ars to be as abunfant as SP-coding
NA., . To identiy the protein encoded by this mBRNL we are raisino
tibodies againszt a 15-residue synthetic peptide whose s2quesncs was d—:-:ive.d
f:':-m the cDNl‘: We are experimsnting with an app-oach developed oy Tamm a:m‘
co-workers whersby peptide conjugation to 3 carrisr prot=in is cwrocumventsd by
initiating peptids evnthesis on a branched-chain, octavalent core of Lvz
residues.

mon o ELH'

m :'] “IJ

In vitro assembly/cisassembly »f SPs., A manuscript describing the
sructure and in vitre disassemn y/reampmbl of SPs inte macremolecilar
womplexes has Seer. published (Wellman and Case, 198%)., We demonstrated that

purified spis {the 1000-kDa 3Fz) could assem 1 into ¢ 3mﬁle tes with hoth
::mdar m ‘r shology, using electren rz:r::vop~ an~d a 'ﬂax dichraic spectrum
5 that vunfracticnated native compls estinis crol cuantitative
A:h‘nisne measurements that sple wers apprizimat
“-sheet. 26-23% B-turn and I%% other sec

vaar we gyrthesizes and purified pen*:ides ¢
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Steven T. Case NQOQ014-87-¥-C387

were subjected to circular dichroism and infrared spectrometrv. Data for the C
peptide are consistent with predictions of its seconcdary structure; it consists
primarily of a-helix. The SR peptide, however, dces not consist of B-structure.
Instead it appears to form a left-handed, 3m/pc-1y(Gly)II-type helix. Finally,
the Amide A frecuencies suggest that both 'C ancé SR peptides may form sheets
of paralle! helices rather than multistranded, supercoiled structures.

Interspecific comparisons of SPs. We initiated a comparison c¢f SP
structure among related but different species of Chironomus. Hybridization and
antibody probes have been exchanged with: Professor J.-E. Edstrom's lab
{Lund, Sweden) which studies C. pzllidivittatus; Professor I.I. Kiknadze's lab
{Novosibirsk, U.S.S.R.) which studies C. thummi. Aside from identifying
hemolgous ST proteins in sach species, we hoped that species-specific
differences in the svnthesis of SPs might provicde clues t¢o ths role cof each
protein in silk fibsr assembly. While working in Kiknadze's lab as &
U.S.-U.S.5.R. Nationzl Acacemies of Sciences Exchange Scientist, I made an
interesting chservaticn. Silk fibers spun by larvae from each species are
distinguishabie microscopically. The morphcoiogical differsnces that were
obssrved correlate with the presence of a cell-specific SP that is not
synthesized by C. tentans larveae.

Plans for Next Year

SP-coding genes. We will continue to identify and map additicnal
3F-coding genes using recombinant DNA procedures which have been successful
tc date. Our first priority will be to determine if the P4z artipeptide antibody
reacts with an SP on Western blots. If it doss, we will continue 1o study the
structurs ané expression of this mRNA. Our next priority will be fo construct a
cDNA expression library from C. thummi salivary gland RNA. We want to clone
the cOCNA for the cell-specific SP mentionad above.

Structural organization of ST compiexes. We will continue to study
SP~3P interactions fscusing on the C and SR domains of spls. Eiophvsical
studies of svnthetic € and SR p=eptides will continues. Their assembly
caarzacteristics will be compeared to native spls purifiead by glvcerol gradient
centrifucstion. We hope to identify oii# or more sites within these domains thsat
are responsible for in vitro assembly. Por example, preliminary data suggest
*ha:t T peptides can dimerize by formaticn of & disulfide hond. Peptide mapsing
will be used to determine whether this disulfide hiond involves a specific or
random pair of Cys residues. Similar studies will be extended to £pl complexes
formed in vitrc and 3P conplexes formed in Vivo.
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Identification of a Developmentally Regulated Gene for a 140-kDa
Secretory Protein in Salivary Glands of Chironomus tentans Larvae*

(Received for publication, December 19, 1988)

Susan S. Dignam$, Lily Yang, Markus Lezzi§, and Steven T. Case?

From the Department of Biochemistry, University of Mississippi Medical Center. Jackson. Mississippt 59216-4505
and §Institute for Cell Biologv, Swiss Federal Institute of Technology, Honggerberg, CH-8093 Zurich, Switzerland

Secretory proteins are synthesized in salivary glands
of the insect, Chironomus tentans, and assemble in vive
into silk-like threads which aquatic larvae use to con-
struct tubes for filter feeding and pupation. Thus far,
all known secretory protein genes contain repetitious
protein-coding sequences and are located in cytological
structures known as Balbiani rings, giant puffs found
on polytene secretory cell chromosomes. In this paper
we describe the identification of another secretory pro-
tein gene which is comprised of repeated sequences;
however, this gene is not located in a Balbiani ring.
Two partial cDNA clones from a 3.6-kilobase pair
poly(A)* RNA were sequenced and found to contain
two open reading frames for protein synthesis. Anti-
bodies were raised against synthetic oligopeptides
whose sequences were derived from these two open
reading frames. An immunoaffinity-purified antibody
for one of these peptides bound specifically to a 140-
kDa secretory protein (sp140). The cDNA sequences
contain tandem repeats of 42 base pairs which encode
a repeat of 14 amino acids with a composition and
oligopeptide sequence similar to other secretory pro-
teins. The C. tentans genome contains about 70 copies
of this 42-base pair repeat organized as a contiguous
block of 3 kilobase pairs or less. The sp140 gene was
mapped by in situ hybridization to polytene chromo-
some band I-17-B. Developmental studies of protein
accumulation, steady-state levels of mRNA, and rela-
tive transcription rate suggested that the sp140 gene
is developmentally regulated so that maximal expres-
sion is achieved during the prepupal stages of the
fourth larval instar. Based upon these results we pro-
posed that sp140 gene belongs to a prepupal class of
secretory protein genes. While the sp140 gene shares
structural and expression characteristics with other
secretory protein genes, its unique chromosomal loca-
tion shows that this multigene family is not restricted
to Balbiani rings.

* This research was supported by Office of Naval Research Con-
tract N00014-87-K-0387 (to S. T. C.) and a grant from the Swiss
National Science Foundation (to M. L.). The costs of publication of
this article were defrayed in part by the payment of page charges.
This article must therefore be herebv marked “advertisement™ in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

The nucleotide sequence(s) reported in this paper has been submitted
to the GenBank™/EMBL Data Bank with accession numberf(s)
J04949.

$ Present address: Dept. of Biochemistry, Medical College of Ohio,
C.S. 10008. Toiedo, OH 43699.

9 To whom all correspondence should be addressed: Dept. of Bio-
chemistry, the University of Mississippi Medical Center, 2500 North
State St., Jackson, MS 39216-4505. Tel.: 601-984-1518.

The organization and chromosomal distribution of eukar-
yotic multigene families is paradoxical. Some gene families
(1-9) are dispersed throughout the genome, while others (10-
16) are organized as gene clusters on one or more chromo-
somes. In some instances, the organization and distribution
of gene clusters may be important for coordinate regulation
of the expression of its constituent genes. For example, the
spatial distribution of genes in the globin cluster reflects their
temporal pattern of expression during development (12). Cer-
tain histone gene clusters represent different expression
classes of genes (10). In other instances. there is no apparent
pattern of expression for genes witnin a cluster.

The chromosomal distribution of the secretory protein mul-
tigene family in Chironomus contributes to this paradox. For
example, the spl' class of genes (17-19 and references therein)
consists of four members which encode structurallv similar
secretory proteins (spla, splb, sple, and spld). Each protein
has a molecular mass of about 1000 kDa and is largely
composed of complex core repeats which can be divided into
two regions. The constant (C) region is 35-45 amino acids in
length and contains 4 cvsteine, 1 methionine, and 1 phenyl-
alanine residues which are invariant. The subrepeat (SR)
region contains four-six direct repeats of 6-12 amino acid
sequences which contain a characteristic tripeptide motif: a
positively charged residue (lysine or arginine) followed by
proline followed by a negatively charged residue (glutamic
acid, aspartic acid, or phosphoserine), hencefortl designated
as @ Pro ©. These alternating C and SR regions are thought
to be important sites for protein-protein interactions which
take place when secretory proteins assemble into silk-like
threads (18, 19). Larvae spin these threads to construct un-
derwater tubes for filter-feeding and pupation (20, 21). All spl
genes are located in cytological stractures known as Balbiani
rings (BRs), and their distribution on polvtene chromosomes
reflects their differential expression in response to galactose
(22-26): BR1 on chromosome IV contains the spla gene whose
expression is generally unaffected by galactose: BR2 on chro-
mosome IV contains the spIb and spld genes both of which
are repressed by galactose; BR6 on chromosome III contains
splc. the only gene which is induced by galactose.

BR1. like BR2, also contains a cluster of secretory protein
genes. In addition to the spla gene, it contains the gene for

' The abbreviations used are: spl. a 1000-kDa secretory protein:
sp“x”. other secretory proteins with an apparent M, equal to "x"; BR.
Balbiani ring: sp. secretory protein: C region. constant region of an
spl core repeat: SR region, suhrepeat region of an spl core repeat:
ORF. open reading frame; bp. base pair; kb, kilobase pairs.
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